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The drag of half-light half-mater quasiparticles, exciton-polaritons, by an electric current is a
peculiar mechanism of light-matter interaction in solids. While an ideal superfluid is protected
from being dragged by its zero viscosity, here we argue that the state of the superfluid polariton
condensate formed by a non-resonant optical pumping can be controlled by the electric current.
The proposed mechanism is based on the stimulated relaxation of moving uncondensed excitons
dragged by the electric current. The stimulated relaxation process favors the formation of a moving
condensate in a quantum state that is characterised by the lowest condensation threshold. We also
show that the electron-mediated inelastic scattering of the reservoir excitons to the condensate leads
to the transfer of a non-zero mean momentum to the electron gas thus contributing to the electric
current. We predict the generation of circular electric currents in a micropillar cavity in the presence
of a nonresonant laser pumping at normal incidence.
I. INTRODUCTION
A superfluid state of matter is characterized by zero
viscosity, hence it is perfectly protected from being per-
turbed by a weak external force. This protection con-
stitutes one of the main experimental signatures of con-
ventional superfluids such as liquid helium1,2. However,
this paradigm needs to be carefully reconsidered if ap-
plied to driven-dissipative superfluid systems. In partic-
ular, optically pumped bosonic condensates of exciton-
polaritons (or simply polaritons) in semiconductor mi-
crocavities represent such nonequilibrium systems, where
several phenomena consistent with superfluidity have
been experimentally demonstrated. Polaritons are hy-
brid quasiparticles arising due to the strong coupling be-
tween excitons and photons. Polaritons obey the bosonic
statistics and they may undergo a transition into the con-
densed phase. In this phase, the polariton fluid demon-
strates a dissipationless propagation with a subsonic ve-
locity through a weak defect, that manifests its superfluid
behaviour3,4.
One would naturally expect that in the subsonic regime
the polariton superfluid should not be perturbed by an
electric current flowing either in the same quantum well
or in the neighbouring conducting layer. On the other
hand, the coupling is possible for non-condensed polari-
tons which do not belong to the superfluid. Recently,
Berman and co-authors5 predicted the existence of the
mutual drag between the normal fraction of a polariton
gas and the electric current. Such drag effect is mediated
by the long-range interaction between the excitonic com-
ponent of polaritons and charge carriers, leading to the
appearance of the flow of the normal polariton fraction
induced by the electric current and vice versa.
The indications of a drag of a polariton superfluid by
a current have been reported in the recent experimen-
tal work6 demonstrating that the speed of a superfluid
polariton flow is sensitive to the magnitude and the di-
rection of the electric current flowing in the same quan-
tum well. Although the particular mechanism governing
the detected effect remains unclear, the observed phe-
nomenon indicates that the interaction between the po-
laritons and the carriers is not limited only to the con-
ventional Coulomb drag of the normal fraction.
In this paper, we show theoretically how an electric
current can affect the propagation of a polariton super-
fluid. The mechanism that governs this effect is related
to the usual drag of the normal excitonic component.
We demonstrate that the flow of non-condensed excitons
(exciton-polaritons) leads to formation of the condensate
with a non-zero momentum.
It is well-known that a driven-dissipative polariton
condensate, which is formed by the nonresonant pump-
ing, does not necessary occupy the lowest energy station-
ary state. In fact, the state of the condensate is deter-
mined by the balance between the gain and the losses
that defines the threshold of polariton lasing7. If the ex-
citon reservoir moves, the gain is changed with respect
to the static case, and the condensate may be formed in
a moving state as well.
In particular, if the exciton reservoir is dragged by the
electric current, the wave-vector of the forming conden-
sate will depend on the direction and strength of the
current. This effect is phenomenologically equivalent to
the drag of a superfluid. However, the predicted phe-
nomenon is not a direct drag effect, strictly speaking. It
is mediated by the excitonic reservoir. That is why we
shall refer to it as a pseudo-drag effect.
II. THE MODEL SYSTEM
To be specific, we consider an optical microcavity con-
taining both an un-doped quantum well and a conducting
layer which confines a free electron gas. The polariton
condensate is created in the microcavity by non-resonant
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2laser pumping. This kind of pumping implies excitation
of high-momentum excitons which then relax in energy
feeding the condensate at the bottom of the lower polari-
ton branch8.
We start with the semiclassical kinetic equations8 for
the polariton occupation Nk of the quantum state char-
acterised by a wave vector k:
∂tNk = Pk −
(
Γk +W
out
k
)
Nk +W
in
k (Nk + 1) , (1)
where Pk describes the generation of particles in the
state k by the incoherent pumping, Γk is the de-
cay rate to the exterior of the microcavity, W outk =∑
k′Wk→k′ (Nk′ + 1) and W ink =
∑
k′Wk′→kNk′ are the
outgoing and incoming rates for the k-state due to scat-
tering to and from the k′-states, respectively. The single-
polariton rates Wk→k′ account for the cumulative effect
of polariton-phonon, polariton-electron and polariton-
polariton interactions.
Describing the condensation dynamics we assume that
at the initial moment of time the pump Pk is switched
on, starting the competition between the states with dif-
ferent k for the particles created by the pump. The mode
with k = kc, which wins this competition, accumulates
a macroscopically large number of polaritons, thereby
manifesting the formation of the condensate. In what
follows we are aimed to determine the growth rates of
the polariton modes, which govern the condensate for-
mation.
First, we neglect the transitions of particles from
the lower energy states to the reservoir, since these
transitions are unlikely at low temperatures. Thus
the outcoming rate W outk for the k-state corresponds
to the downward transitions only and W outk =∑
|k′|<|k|Wk→k′ (Nk′ + 1). In the parabolic region of
the polariton dispersion one can approximate W outk '
γk2, where the factor γ is defined by the relaxation
mechanism9,10.
Next, we note that the pump Pk feeds mainly the
exciton-like large wave vector states. These excitons form
an incoherent reservoir with a particle concentration Nr
and they are responsible for the pumping of the lower en-
ergy polariton states with the rate W ink . With the same
accuracy, the k-dependence of the incoming rate is as-
sumed to be parabolic. For the static in average reser-
voir, it is natural to assume that the k = 0 state has the
maximum gain and W ink ∝ (1− sk2). Then, if the reser-
voir is in motion characterized by the mean wave vector
kr, we can write
W ink = r(k)Nr, r(k) ' r0
[
1− s(k− kr)2
]
. (2)
The parameter s in this expression can be estimated by
assuming that excitons in the reservoir obey the Boltz-
mann statistics. We shall also assume that the wave vec-
tor dependence of the scattering probability is governed
by the characteristic scattering cross-section dependent
on the thermal De Broglie wavelength of the scatterer
λth =
√
2pi~2
mexkBT
, where kB is the Boltzmann constant
11.
We estimate s = λ2th ' 0.058 µm2 for the exciton mass
mex ∼ 0.1m0 and at the temperature T ∼ 1 K.
In order to account for the superfluid dynamics we
supplement the rate equations (1) with the generalised
Gross-Pitaevskii equation for the condensate wave func-
tion Ψ, similar to12, which in our case takes into account
the k-dependencies of the gain and the loss rates:
∂tΨ = DˆΨ− i~−1HˆΨ, (3a)
∂tNr = P − [Γr +R(Ψ)]Nr −∇ · Jr. (3b)
Here Hˆ = − ~22mpol∇2 + αc |Ψ|
2
+ αrNr, with mpol be-
ing the polariton mass and the αc and αr terms de-
scribing the energy shifts due to interaction of polaritons
between themselves and with reservoir excitons, respec-
tively. The gain-dissipation term with Dˆ = 1/2 (Nr rˆ−Γˆ)
is given by the gain operator rˆ ≡ r(−i∇) and the dissi-
pation operator Γˆ = Γ0 − γ∇2, where Γ0 is the radiative
loss rate, which is taken identical for all the states at
the bottom of the lower polariton branch. In Eq. (3b),
the term P accounts for the effective pumping of the
reservoir, Γr describes the reservoir decay rate. We im-
pose the local conservation of the number of polaritons
in the process of their relaxation to the condensate, so
that the corresponding reservoir depletion rate is given
by R(Ψ) = 1/2
(
Ψ∗rˆΨ + Ψrˆ†Ψ∗
)
.
The last term in Eq. (3b) provides the continuity of
the mass flow in the presence of a spatially inhomoge-
neous current Jr = ~krNr /mex of reservoir excitons.
The reservoir flux can be created either by the exciton
density gradient or by the external force, in particular,
by the Coulomb drag. The value of the exciton current
is dependent on the exciton and carrier densities as well
as on their relative velocity. Namely,
Jr = −D∇Nr + λ
(
v − ~kr
mex
)
nNr, (4)
where D is the exciton diffusion coefficient, λ is the drag
coefficient, v and n are the drift velocity and the surface
density of the carriers.
The drag coefficient λ can be estimated from Ref.5,
to be λ ≈ 1.1 × 10−12 cm2 for the case of the con-
ducting layer represented by the n-doped GaAs quantum
well with n = 1011 cm−2 and the electron mobility13
µ = 103 cm2V−1s−1.
III. POLARITON PSEUDO-DRAG EFFECT IN
A MICROCAVITY STRIPE
A remarkable manifestation of the pseudo-drag effect
could be found in the double layer system embedded in
a microcavity stripe, see Fig. 1(a). We shall consider
a one-dimensional exciton-polariton condensate excited
by the homogeneous nonresonant continuous wave laser
pumping.
The voltage applied at the metal contacts6 induces the
electric current in the conducting layer, which drags the
3FIG. 1. The pseudo-drag effect in an electrically biased microcavity stripe. (a) The sketch of the structure. (b) The distribution
of the gain Nrr(k) (solid) and the loss rate Γ(k) (dashed) in the reciprocal space at the reservoir densities below threshold
(orange curve), at the threshold (green) and above threshold (red). The mean wave vector of the reservoir is kr = 1.35 µm
−1.
The shaded domain shows the net gain G(k) at the pump power corresponding to the red curve. (c) The polariton dispersion.
(d) The dynamics of the condensate formation in the reciprocal space. P = 2P thI=0, αc = 6 µeVµm
2, kr = 1.35 µm
−1, where
P thI=0 = Γ0Γr/r0. White dashed line follows the position of the mean condensate wave vector. (e) The condensate spatial
spectra at three different moments of time. For each curve the spectrum maximum is normalized to unity. (f) The dependence
of the condensate wave vector kc on the electric current flowing though the stripe of d = 4 µm width. Blue crosses, orange
squares and green diamonds show the data obtained with Eqs. (3). The dynamics was simulated with noisy initial conditions
and the data were averaged over 50 realizations for each point. Grey points indicate the predictions of Eqs. (1). Grey line
corresponds to Eq. (8). (g) The dependence of kc on the pump power P for different values of the electric current I with
αc = 6 µeVµm
2. For all panels Γ0 = 0.05 ps
−1, γ = 7.5× 10−3 µm2 ps−1, r0 = 0.01 ps−1µm2, Γr = 5Γ0, αr = 2αc.
reservoir excitons in the second quantum well with the
mean wave vector
kr = −ξj, (5)
defined by Eq. (4) with j = −env being the electric cur-
rent density. Here the factor ξ = mexλ /(~e (1 + λn)) for
the considered parameters equals to 5.4 × 105 A−1. It
implies that for d = 4 µm stripe width the reservoir flow
with kr = 1 µm
−1 can be induced by an electric current
of I = jd ≈ −7.4 µA. This value agrees with the recent
experimental studies of the drag effect in a polariton wire
structure6.
The condensate steady state reads Ψ = Ψ0e
−iωt+ikcx,
where x is the coordinate along the stripe and the wave
vector kc is selected during the condensate formation
governed by the k-dependent growth rate
G(k, t) = 2Ψ−10 DˆΨ = Nr(t)r(k)− Γ(k), (6)
where Γ(k) = Γ0 + γk
2.
The principles of the k-selective mechanism of the con-
densate formation are described below. As the pump P
switches on, the reservoir population starts growing. The
condensate builds up provided that the reservoir density
reaches the threshold value (see the green curve and the
red points in Figs. 1(b),(c)):
N thr =
Λ +
√
Λ2 + 4γΓ0s
2r0s
, (7)
where Λ = Γ0s − γ
(
1− sk2r
)
. Above the threshold,
P > ΓrN
th
r , a wide band of polariton states (the shaded
region in Fig. 1(b)) is amplified at the initial stage of the
condensate formation – see Figs. 1(d),(e).
However, as the condensate population increases, the
reservoir becomes depleted because of the term R (Ψ) in
Eq. (3b). Simultaneously, the amplification band max-
imum shifts towards smaller k resulting in the drift of
polaritons in the reciprocal space – Fig. 1(e). The anal-
ysis of the condensation dynamics predicted by Eqs. (3)
(see Appendix) demonstrates that in the limit of no in-
teractions (αc = 0) the reservoir eventually relaxes to its
threshold value (7), which corresponds to the condensate
state with
kc =
sr0N
th
r kr
sr0N thr + γ
. (8)
Therefore, the condensate momentum shown in Fig. 1(f)
grows with the electric current since kr ∝ I, see Eq. (5).
4FIG. 2. Generation of the circular electric current supported by the electron-mediated exciton scattering. (a) A pillar mi-
crocavity with the embedded two-layer system. The condensate density Nc distribution is sketched at the top surface of the
micropillar. (b) The schematic illustration of the electric current generation mechanism. (c) The dependence of the electric
current I and the corresponding magnetic field H at the center of the quantum well plane on the condensate density Nc.
The same result can be obtained from the kinetic equa-
tions (1) as well (see Appendix). Besides, Eq. (8) is valid
not only for the case of microcavity stripe but for 2D
polariton condensates as well. Note that the energy re-
laxation of polaritons is taken into account in the present
theory by the parameter γ, which encodes the increase of
the outcoming (escape) rate of polaritons with increas-
ing momentum. This leads to effective friction, so that
kc decreases with γ (see Appendix).
In the nonlinear regime, the parametric scattering be-
tween polariton modes caused by polariton-polariton in-
teractions leads to the reduction of the condensate mo-
mentum, as Fig. 1(f) illustrates. The higher the value of
the interaction strength αc, the stronger the decrease of
the condensate momentum with respect to the limiting
value predicted by Eq. (8), see the orange squares and
green diamonds in Fig. 1(f). The condensate momen-
tum demonstrates also a weak dependence on the pump
power, see Fig. 1(g).
IV. POLARITON WHIRL PRODUCING A
CIRCULAR ELECTRIC CURRENT
So far, we neglected the back action of the exciton-
polariton subsystem on the electron gas. This action is
twofold. First, due to the inverse Coulomb drag effect5,14
the exciton flow induces an electric current in the con-
ducting layer. This effect can be accounted for in a sim-
ilar way to Eq. (4):
jdrag = −ν
(
~kr
mex
− v
)
nNr, (9)
where ν is the drag coefficient and we consider again the
n-doped conducting layer.
Besides this, there is the stimulated electron-assisted
scattering of excitons from the reservoir to the conden-
sate. Each act of electron-assisted scattering transfers
the momentum ~δk = ~(kr − kc) to the electron gas.
This momentum transfer can be described in terms of a
force acting on a single electron:
F = β
~NrR(Ψ)
n
δk, (10)
where NrR(Ψ) is the scattering rate defined in Eq. (3b)
and the factor β < 1 accounts for the part of the total
number of electron-mediated scattering events. Then,
the current jscat induced by the electron-mediated scat-
tering can be calculated using the classical Drude theory
of conductivity:
jscat = σδkNrR(Ψ), (11)
where σ = ~βµ, which for the considered parameters and
β = 0.05 is σ = 5.26× 10−25 C cm2.
Note, that both discussed mechanisms are capable of
inducing an electric current at zero voltage. However,
in contrast to the Coulomb drag effect, the electron-
mediated scattering induces the current which is de-
pendent on the state of polariton superfluid. It allows
for nontrivial manifestations of the effect. For instance,
a spectacular property of the exciton-polariton conden-
sates is its ability to form a persistent circular current
or vorticity. Once such a circular current is created, its
non-zero angular momentum is partially transferred to
the electron gas producing a circular current as Fig. 2(b)
schematically shows.
Let us study these phenomenon in detail. Although po-
lariton condensates carrying non-zero angular momenta
were obtained in many different configurations15,16, to be
specific we focus on the system shown in Fig. 2(a). We
shall assume that the double layer system is embedded in
a cylindrical microcavity pillar, where the formation of a
ring-shaped condensate carrying the persistent polariton
current was recently demonstrated17.
The distribution of the condensate density Nc = |Ψ|2
is characterized by the mean radius R0 and the width
2a, see Fig. 2(a). Then, assuming that Nc takes the
constant value over the width of the ring18, we estimate
5the rate of scattering as NrR(Ψ) = r(k)NcN
st
r , where the
condensate wave vector is defined by the winding number
m as kc = m/R0. The reservoir steady-state density N
st
r
can be obtained from Eq. (3b):
N str =
Γ0 + γk
2
c
r0 (1− s(kc − kr)2) . (12)
In order to estimate the value of the induced cur-
rent Iscat = 2ajscat, we assume that the reservoir is
at rest, kr = 0, and take m = 1, a = 1 µm and
R0 = 10 µm. So, for the typical value of the conden-
sate density Nc = 10
10 cm−2 we obtain that the current
is on a picoampere scale. According to Eq. (5) this cur-
rent induces a negligibly small flow of reservoir excitons
(see Fig. 2(b)), that is consistent with our assumption of
the static reservoir.
The existence of the predicted circular electric current
can be experimentally detected measuring the current-
induced magnetic field, for instance, with state of the art
SQUID magnetometers19. Assuming that the circular
current density jscat follows the condensate density Nc
distribution, we estimate the magnetic field in the cen-
ter of the ring, H = Iscat/2R0. The dependence of the
induced electric current given by Eqs. (11), (12) and the
corresponding magnetic field on the condensate density
is shown in Fig. 2(c).
V. CONCLUSIONS
We demonstrate that propagation of out-of-
equilibrium polariton condensate can be controlled
by an electric current, as the latter influences the gain
rate of different single-polariton quantum states. The
effect appears due to drift of the excitonic reservoir. The
existence of this pseudo-drag effect paves the way for the
engineering of the integrated optical circuits operating
with polariton condensates. It may be promising for
the creation of superfluid gyroscopes and quantum
interferometers. The reciprocal effect of acceleration of
the charge carriers by the moving polariton superfluid
is also described. Being sustained by the stimulated
exciton-electron scattering, the carrier’s flow is evi-
denced by the circular electric current in a cylindrical
micropillar excited by a nonresonant laser pump.
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Appendix A: Dynamics of the condensate formation
in the presence of the momentum-dependent gain
Here we describe in details how the presence of the
momentum-dependent gain affects the polariton conden-
sation dynamics in the microcavity stripe leading to the
formation of the moving condensate. We start with the
kinetic equations (1) for polariton modes populations,
whose simplified form reads:
∂tNk = r(k) (Nk + 1)Nr − Γ(k)Nk, (A1a)
∂tNr = P −
(
Γr +
∑
k
r(k) (Nk + 1)
)
Nr. (A1b)
Here Nr is the spatially homogeneous reservoir density,
while Nk denotes the total number of polaritons in the
quantum state k.
The dynamics predicted by Eqs. (A1) is illustrated
in Fig. 3. We assume that before the pump has been
switched on at t = 0, the polariton modes are empty,
Nk = 0. Then, at the initial stage of the condensate for-
mation, the growth of the population of polariton modes
is governed by the term r(k)Nr, see Eq. (A1a), which
follows the k-dependence of the rate of the income tran-
sitions r(k) and is maximized at k = kr, see the yellow
curve in Fig. 3(c). However, the gain profile changes
as the polariton modes get populated. In particular, at
Nk  1, the dynamics obeys to the net gain, which max-
imum is at
kmax(G) =
sr0Nr(t)
sr0Nr(t) + γ
kr. (A2)
As far as kmax(G) < kr, the gain G(k) causes redistri-
bution of population between the polariton modes ex-
cited before shifting its maximum towards smaller k, see
Fig. 3(c).
It is critical that the net gain G(k, t) is time-dependent
since it is governed by the reservoir density Nr. As
the pump power switches instantly, the reservoir rapidly
grows approaching its trivial steady state Nr = P/Γr, see
Fig. 3(b). However, after the burst at the initial stage,
the condensate density smoothly decreases towards its
stationary value Nr = N
st
r , where the dissipation and the
out-scattering to the condensate balances the pump. The
position of the gain maximum kmax(G), indicated by the
white dashed line in Fig. 3(a), follows the reservoir den-
sity evolution. Simultaneously, the polariton distribution
approaches the position of the maximum gain gradually
evolving to its steady state (see the white solid line in
Fig. 3(a)):
Nk =
r(k)N str
Γ(k)− r(k)N str
. (A3)
Note, that the Botzmann equations model predicts
that in the steady state the condensate occupies a nar-
row band of states in the reciprocal space. The shape
of this band is defined by Eq. (A3), see the blue line in
6FIG. 3. The polariton condensate formation in the microcav-
ity stripe. (a) Dynamics of the polariton distribution in the re-
ciprocal space predicted by the kinetic equations model (A1).
Colorscale corresponds to the spectral density of polaritons
per micrometer, Sk ≡ Nk /2pi . The white solid line shows
the position of the gain maximum kmax(G). The dashed line
indicates the maximum of the polariton spectral density. (b)
Dynamics of the reservoir density. (c) Snapshots of the po-
lariton distibution at different moments of time. The blue
curve corresponds to the steady-state distribution. The spac-
ing between the polariton states in the reciprocal space is
pi/500 µm−1. (d) The dependence of the condensate wave
vector kc on the s-parameter for different values of the elec-
tric current. The solid curves correspond to Eq. (A4), while
the markers indicates the values predicted by the generalized
Gross-Pitaevskii model with αc = 6 µeVµm
2 and αr = 2αc.
The parameters are kr = 1.35 µm
−1, P = 3Γ0Γr/r0, Γ0 =
0.05 ps−1, γ = 7.5 × 10−3 µm2 ps−1, r0 = 0.01 ps−1µm2,
Γr = 5Γ0.
Fig. 3(c). The position of the maximum of polariton dis-
tribution, which can be associated with the condensate
wave vector,
kc =
Λ− 2sΓ0 +
√
4k2rs
2γΓ0 + (Λ− 2sΓ0)2
2krsγ
, (A4)
precisely matches the expression (8), which was obtained
with use of the generalized Gross-Pitaevskii model ne-
glecting polariton-polariton interactions. Note that the
condensate momentum does not depend on the pump-
ing power P and is governed by the parameters of
the k-dependent gain. In Fig. 3(d) we demonstrate
the variation of the steady-state condensate momentum
with the variation of the effective scattering cross-section
described by the parameter s, which governs the k-
dependence of the incoming rate.
The kinetic equations model clearly demonstrates the
influence of the reservoir dynamics on the reciprocal
space polariton distribution. However, the considered
approach neglects polariton-polariton interactions as well
as the spatial dependence of the reservoir density. Both
these effects can be efficiently accounted with the driven-
dissipative Gross-Pitaevskii (GP) model (3).
An example of the condensate formation dynamics
predicted by the generalized GP model is shown in
Figs. 1(d),(e). The overall condensation scenario dis-
cussed in Sec. III is akin to the one described above.
The mean condensate wave vector follows the time de-
pendence of the net gain G(k) which is governed by the
reservoir population. After a rapid grows at the initial
stage, the wave vector relaxes to the steady state (the
dashed curve in Figs. 1(d)). However, in contrast to the
case of kinetic equations (A1), the generalized GP model
has a set of steady state solutions parameterized by the
condensate wave vector kc. Namely,
Ψ = Ψ0e
ikcx−iωt, N str =
Γ(kc)
r(kc)
, (A5)
with |Ψ0|2 = P /Γ(kc) − Γr /r(kc) . It implies that the
condensate can exist in an arbitrary k-state within the
amplification band, G (Nr = P/Γr) > 0.
The particular state of the condensate, selected dur-
ing its formation, is strongly dependent on the initial
conditions. In stark contrast to the model (A1) the GP
equation requires the initial seed in order to produce the
nontrivial steady state. We simulate the condensate for-
mation with the model (3) using random initial condi-
tions, which mimic the thermal fluctuations of the po-
lariton field. It is clear that the choice of the condensate
wave vector is stochastic in this case. In the linear case
(αc = αr = 0), the averaging over large number of re-
alizations yields the value kc which coincides with the
one predicted by Eq. (A4). One can easily demonstrate
that this state corresponds to the threshold value of the
reservoir density Nr = N
th
r defined by Eq. (7).
In the presence of polariton-polariton and polariton-
reservoir interactions, the dynamics of the condensate
formation follows the same scenario, however the average
condensate wave vector is reduced, see color markers in
Fig. 3(d) and compare with solid curves corresponding to
the linear case. The influence of the polariton-polariton
interaction constant αc on the condensate momentum
is summarized in Fig. 4. For the polariton nonlinear-
ities typical for GaAs-based microcavities (αc is several
units of µeVµm2), the condensate momentum steeply de-
creases with the increase of αc, see Fig. 4(a). Then, kc
gradually reduces to zero as αc grows.
The observed reduction of the pseudo-drag effect in
the presence of interactions should be attributed to the
redistribution of polaritons in the reciprocal space in-
duced by the polariton-polariton repulsion. Indeed, spa-
tial inhomogeneities of the polariton density, grown from
the thermal noise during the condensate formation, are
smoothed away because of the polariton repulsion. The
7FIG. 4. (a) The dependence of the pseudo-drag induced mo-
mentum of the polariton superfluid on the polariton-polariton
interaction constant αc. The polariton-reservoir interaction
strength is αr = 2αc. (b) The dependence (8) of the conden-
sate wave vector kc on the γ-parameter for different values of
the electric current.
excited high-momentum polaritons are subject to the
extra losses accounted in the Γ(k)-dependence, that is
Γ(k) = Γ0+γk
2 in the 1D case, see Eq. (3). Thus the in-
fluence of the interactions can be accounted by rescaling
of the γ-parameter. According to Eq. (6), an increase
of the steepness of the Γ(k)-dependence shifts an am-
plification band towards smaller polariton momenta re-
ducing the wave vector of the condensate, see Fig. 1(b).
Thus, the condensate wave vector predicted by Eq. (8)
should decrease as it shown in Fig. 4(b). This behaviour
qualitatively reproduces the kc(αc)-dependence shown in
Fig. 4(a).
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